28 Culex erythrothorax Dyar is a West Nile virus (WNV) vector that breeds in wetland habitats with 29 emergent vegetation. Urbanization and recreational activities near wetlands place humans and 30 birds in close proximity to Cx. erythrothorax, increasing the risk of WNV transmission. High 31 adult Cx. erythrothorax abundance peaked in a marsh bordering the San Francisco Bay of 32 California (USA) during the first 3 hours after sunset (5527 ± 4070 mosquitoes / trap night) 33 during which adult mosquito control efforts are likely most effective. These adult mosquitoes 34 were highly sensitive to permethrin, resmethrin, naled, and etofenprox insecticides when 35 tested in a bottle bioassay (LC50 = 0.35, 0.68, 0.71, and 4.1 µg/bottle, respectively). The 36 synergist piperonyl butoxide increased the sensitivity of the mosquitoes to a low concentration 37 of permethrin (0.5 µg/bottle) while also reducing knock down time, but did not have similar 38 effects with a higher permethrin concentration (2.0 µg/bottle). Biochemical enzyme assays 39 measuring bulk mixed-function oxidase, alpha-esterase, or beta-esterase activities in mosquito 40 homogenates were significantly higher in Cx. erythrothorax relative to a strain of Culex pipiens 41 that is sensitive to permethrin. Larvicide that was applied to the site had limited impact on 42 reducing the abundance of adult Cx. erythrothorax. Subsequent removal of emergent 43 vegetation in concert with reduced daily temperature in the environment substantially reduced 44 Cx. erythrothorax abundance. Land managers who have a need to control Cx. erythrothorax in 45 wetlands should consider vegetation removal over applying larvicide, while vector control 46 agencies are likely to successfully control viremic Cx. erythrothorax that enter nearby 47 neighborhoods by applying insecticides that target the adult stage of the mosquito within 3 h of 48 sunset. 3 49 Introduction 50 51 Culex erythrothorax Dyar, commonly known as the tule mosquito, is endemic to the 52 western southwestern states of the US [1]. The larvae breed in heavily vegetated regions of 53 shallow ponds and can be highly abundant in marsh habitats that contain dense clusters of 54 Schoenoplectus spp (common tule), Typha spp. (bulrush), or Myriophyllum aquaticum (parrot 55 feather) [2-4]. Unlike many species of mosquito, adult Cx. erythrothorax do not disperse 56 distantly from where they emerge [3, 5, 6]. The time of host-seeking is well documented for 57 Culex tarsalis Coquillett, another mosquito species found marsh habitats, which is reported to 58 be most active 1 -4 h after sunset [7, 8]. The time of day that Cx. erythrothorax is most likely 59 to seek a blood meal and would be best controlled by insecticides that target the adult 60 mosquito is not reported. Larvicide applications to constructed marsh habitats can markedly 61 reduce the abundance of adult Cx. erythrothorax [9]. However, the duration of reduction is 62 short, likely because adult mosquitoes immigrate from nearby sites that are not treated [5] and 63 dense aquatic vegetation may limit the penetration of larvicides into the water column. 64 Adult female Cx. erythrothorax are aggressive biters that take blood meals from 65 mammals and birds [6, 10]. West Nile virus (WNV) is an arbovirus that can be transmitted from 66 infected birds or tree squirrels (Sciurus spp.) to humans via biting Cx. erythrothorax [11]. While 67 about 80 % of WNV infections in humans are apparently asymptomatic, serious neuroinvasive 68 disease develops in less than 1 % of infected persons [12]. The greatest risk for human 69 exposure to WNV is thought to come from biting Culex pipiens and Culex quinquefasciatus. 70 However, approximately 10-fold more blood-engorged female Cx. erythrothorax that were 4 71 collected in a marsh habitat that abuts a suburban landscape contained human blood relative 72 to the Cx. quinquefasciatus that were collected in the same traps [5] suggesting that the risk of 73 human exposure to WNV via Cx. erythrothorax may increase as people seek to reside near and 74 recreate in marsh habitats. Moreover, Cx. erythrothorax can maintain the transmission of WNV 75 among birds in marsh habitats, with cooccurring Cx. tarsalis transmitting the virus to humans. 76 When larvicides are ineffective in controlling the breeding of Cx. erythrothorax larvae, 77 insecticides that target adult mosquitoes may be employed to control breeding and interrupt 78 arbovirus transmission cycles. 79 Pyrethroid-based and organophosphate insecticides are used by public health agencies 80 to control adult mosquitoes [13]. Pyrethroids are synthetic analogs of natural pyrethrin 81 insecticides, which are typically extracted from the flowers of Chrysanthemum cinerariifolium 82 [14], and are the most common active ingredient in household insecticides. The neurotoxic 83 mode of action for pyrethroids is to prevent the transition of the voltage-gated sodium channel 84 (VGSC) from an activated to inactivated state, resulting in continuously depolarized neuronal 85 membranes and paralysis or death of the insect [15, 16]. Organophosphate insecticides, 86 including naled and malathion, act by phosphorylating esterases to inhibit enzymes such as 87 acetylcholinesterase [17, 18]. The loss of active acetylcholinesterase at nerve endings reduces 88 the rate of acetylcholine neurotransmitter hydrolysis, leading to the overstimulation of nicotinic 89 acetylcholine receptors on the surface of neurons and death of the insect [19]. 90 Insecticide resistance in mosquitoes is mediated by genetic changes that reduce 91 insecticide binding to its molecular target, the upregulation of detoxification pathways that 92 reduce the quantity of active insecticides in the mosquito and behavioral changes that reduce 5 93 the likelihood of mosquitoes encountering insecticides, among others [20, 21]. Several point 94 mutations have been identified in the gene encoding VGSC that are associated with pyrethroid 95 resistance. Most notable are mutations in the kdr and super-kdr loci of VGSC that result in 96 amino acid substitutions at positions 1014 and 918, respectively [22], that likely prevent the 97 insecticide from interacting with VGSC [23]. The upregulation of detoxification pathways
Timed knock-down BBA were conducted to evaluate the resistance of adult mosquitoes 143 to insecticides, as previously described [ 196 periods and captured 10041 ± 5332 Cx. erythrothorax and 267 ± 74 Cx. tarsalis per day (Fig 1) .
197 The proportion of the total mosquitoes for each species that were collected in CBRT peaked at 12 242 significantly affected survivorship of Cx. erythrothorax that were exposed to bottles containing 243 2.0 µg of permethrin (Fig 3; unpaired t tests, P = 0.5478 and 0.1321, respectively). 263 erythrothorax relative to mosquitoes that were exposed to 0.5 µg of permethrin in the absence 13 264 of PBO ( Fig 4A; KDT50 = 91 min; Y = -0.5774*X + 102.7; R 2 of 0.9327; F = 6.28, DFn = 1, DFd = 10, 265 P = 0.0311). While the proportion of Cx. erythrothorax that survived exposure to 2.0 µg of 266 permethrin also decreased linearly from 15 min to 90 min, the rate of death and mortality was 267 not significantly affected by the inclusion of 5 µg or 20 µg of PBO ( Fig 4B; F = 0 .766, DFn = 2,
268 DFd = 15, P = 0.4822). The KDT50 values for Cx. erythrothorax that were exposed to 2.0 µg of 269 permethrin with or without PBO were lower than the KDT50 values for mosquitoes exposed to Adult Cx. erythrothorax also displayed high sensitivity to the pyrethroids resmethrin and 284 etofenprox relative to Cx. pipiens SM-S1 (Fig 5A and, 5B ; resmethrin: LC50 = 0.68 µg and 0.24 µg 285 for Cx. erythrothorax and Cx. pipiens SM-S1 , respectively with an RR of 2.8; etofenprox: LC50 = 4.1 14 286 µg and 8.1 µg for Cx. erythrothorax and Cx. pipiens SM-S1 , respectively with an RR of 0.50).
287 Similarly, adult Cx. erythrothorax were exquisitely sensitive to naled, an organophosphate 288 insecticide, relative to susceptible strain of Cx. pipiens SM-S1 ( Fig 5C; LC50 = 0 .71 µg and 4.0 µg of 289 naled for Cx. erythrothorax and Cx. pipiens SM-S1 , respectively with an RR of 0.18). 
294
As people build residential and commercial properties increasingly closer to wetlands, it 295 is likely that highly abundant mosquitoes, such as Cx. erythrothorax, will migrate into these 296 communities seeking a blood meal before returning to the wetland to oviposit. Many bird 297 species that utilize wetland habitats are effective reservoirs for WNV [37] . The sympatric 298 distribution of abundant Cx. erythrothorax and marsh birds that are susceptible to WNV with 299 people that live, work and recreate near wetlands may increase the potential for WNV 300 transmission to people. Although pyrethroids should not be applied to areas where surface 301 water is present, such as marsh habitats, permethrin in conjunction with the synergist PBO 302 could be effectively employed by public health agencies to control viremic Cx. erythrothorax 303 that enter human communities when seeking blood meals.
304
305 Activity of insecticide metabolizing enzymes 306 Biochemical assays can be employed to compare the activity of enzymes that detoxify 307 insecticides in field-caught mosquitoes relative to susceptible reference strain. The potential of
